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Data through last year...

e CRAFT ‘08/'09 + other ~ IB cosmic events
= 23 performance papers to |INST

® 900 GeV (Nov 2009) -- 300k events
= first physics paper, lots of calibrations

® 2.36TeV (Dec 2009) -- 20k events
= first peek at high energies
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Ramping up for high energy collisions...

o CRAFT (end 2008) -- 600k events
= 23 performance papers to |INST

® 900 GeV (Nov 2009) -- 300k events
= first physics paper, lots of calibrations

® 2.36TeV (Dec 2009) -- 20k events
= first peek at high energies

The big event: March 30,2010 -- 7 TeV collisions!




First 7T Collisions
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Point 5 Control Room - March 30,2010



Success!
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The LHC experiments are at last
collecting high energy data!

Tracker
ECAL

HCAL
Muons
Solenoid coil




Luminosity profile since March

CMS: Integrated Luminosity 2010
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Theorists v. Experimentalists

® [heorists want to know...

- Now that we have collisions, how will we know if the
new physics is SUSY?

- How will we determine the full spectrum and mass
scale! The Lagrangian?

® Experimentalists are thinking...

- Now that we have collisions: Is there a leak? Does the
trigger work?

How much noise is there?

What is the actual size of the QCD backgrounds!?

How will we know whether its new physics, or SM plus
mistakes on the tails of the distributions?



Triggers and Computing
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CMS is performing well!

muon chambers Si tracker PbWO; ECAL
| P -I;.'IT'[ 7 P

HCAL

forward
calorimeter

Total Weight : 14,500 t.
Overall diameter: 14.60 m
Overall length : 21.60 m
Magnetic field : 4 Tesla




CMS operation: start of 7 TeV

PIXEL TRACKER

STRIP TRACKER

PRE-SHOWER

ECAL END-CAP

ECAL BARREL 09.9

HF/CASTOR/ZDC

HO

HCAL ENDCAP

HCAL BARREL

MUON-RPC

MUON-DT

MUON-CSC

Already since improved: Eg- RPCs 98.8% live by May 21.
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Low luminosity but...

Two vertex event. Pile-up seen (>0.5%) already at start.
Currently 10%, soon 100%! Will be an issue, but we're ready.
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Squeezed stable beams

W Tirtere - Weailie Firefox

14-04-2040 00:2 740

LHC Paged Fit 1050 £: 2500 Gav
PROTON PHYSICS: STABLE BEAMS
3500 Gev 2. 87e+1( 1146410

May |-2: Squeezed, stable beams (30 hours).
Luminosity > | x 10%° cm2s-!, achieved Monday!
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Pixels and
strips are
doing very
well
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More Resonances

0 - AK* =t - AT

AK~ or anti- AK*

invariant mass

ATT invariant mass

* tracks displaced from
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Events / 0.5 MeV/¢

D* in 7 TeV data!
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See very clean D*— D11, D= KTT
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SecondaryVertlces b-tagging

CMS Prellmlnary \I_ 900 GeV

= MC (bottom jet)
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& MC (cham jet)
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b-tagging variables
look good v. sim.
Need more tuning
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Compact MUON Solenoid

Rho Phi

CMS Experiment at the LHC, CERN

Date Recorded: 2009-12-14 04:46 CET
Run/Event: 124120/5686693
Candidate Dimuon Event at 2.36 TeV

Rho 2

Candidate
dimuon event at

2.36 TeV




J/¥Y decaying to muons

Clear J/¥ signal in the data.
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Electromagnetic Calorimeter
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T1° and n useful for inter-crystal calibration
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photons, conversions

Electrons,

CMS Preliminary 2009

VS

900 GeV
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C_MCely

@ riC others
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Jets, Jets and more Jets!

J znzT

|. Calorimeter jets B e e
(C ALO) Jet 1 p;=22 GeVic Jet 2

=42 GeV/c

. “Jet Plus Tracks™

3. Particle flow jets

jet algorithm: s
anti-kt R =0.5 pr =38 GeVic
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Jets

ets with the first nb*! at 7 TeV

:ll TrrT LI 7T T T T ‘&20G_' T T T T T T T TT T T I T T Tr T T T T T
132200: CMSIplalimin;!ly 2010 I- Data I ] . %OOO - CMS pmhmm;ly 2010 I . DalaI ! "22000_— CMSIpmlimmary 2010 ! I' Data -
QOOO:— Vs-7TaV T Sunulation 3 QL - Vs-/lev [ Simulation 91 800—_ Vs-7TeV [ Sunulation 3
UWygnp—  p,leh- 25 Gav - L1800 i p, fiet)= 25 GeV L L p,(et)= 25 GeV :

1600=  [ndedl <3 3 1600F  heenl<s 1800L  jyeny <5 1
1400 9 1400 1400
1200 , o 12000 1200
1000= 3 1000 1000L
800~ — 800: 800
600~ = 600F 600:
400= = 4 400F 400
200= ' 4 2000 200)
= o |orprerhyarvre e, |, |111|||: - w
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 3 0 0.5 1 1.5 2 3

2.5
g - Ab
di-jat di=IPTjat di-Prjat

2.5
Ao

calorimeter jet plus track particle flow

'lllllllllllllll'l'll'l'l'll 'l'llll'llllllll'llllll'l'lll |l|llllllllllllllllllllllllll
CMS preliminary 2010 + Daa CMS preliminary 2010 « Dam CMS preliminary 2010 « Dam

- E 2
800E 31 8700 . L i
E \JS=TTeV D Simulation B \JS=TTeV - Simulation 700 \JS=TTeV - Simulation
700E  P.(Et=>25GeV = p,(iet)> 25 GeV p, (jet)> 25 GeV
- ntetl <3 E (et <3 Intjetl <3
600F =
5005 E
400F- E
300E: E
20 :
100 s
L [ | 1 =
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
n n n



Jet Corrections
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Particle flow jet performance

calorimeter particle flow
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Events/GeV

Di-Jets in first nb! at 7 TeV

Creeping up to Tevatron turf...
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...will soon surpass it!
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High-mass Di-Jet event at 7 TeV

] CMS Experiment at LHC, CERN
Run 133450 Event 16358963 g
‘| Lumi section: 285

Sat Apr 17 2010, 12:25:05 CEST | /

Jet1 pr: 253 GeV
Jet2 p; : 244 GeV
Dijet Mass : 764 GeV

Jet |

E,(GeV)
80
Jet 1
60
40
m -~
0
A = = ‘
-2 . - ...
n :'. - . of o .
2 ,.‘ = T
S \\\ ~> g !
4
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Number of Events / GeV

Missing Transverse Energy

ons Preiiminary 2010 - > 104 CMS Preliminary 2010 =
Na=7TeV E 8 \NE=7Tev 3
. Simulation ; . Simulation
—*—data :IC: 103 —e— data
>
L o
Inclusive © Dijet
— S 102 . —:
; g selection -
E c pPr(1calojet)>25GeV -
Z 10 pr(2calojet)>10GeV _
1 ML 1
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Pf £, [GeV] Pf £, [GeV]

Monte Carlo (minbias) describes the data well over 5
orders of magnitude. High tails subject of ongoing study.
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Early Physics: Ws and Zs

W*:56 nb W-:39.5nb total:95.5 nb

Z/IYy*:49.5 nb

Wev/pv o5 50 500 5K 50K 500k
ZDdete/y' o5 50 500 o5k 50k

W=2TV o5 250 ’500 .5k
Z2>T1TT o5 50 500 25K

- >
1 #‘1 10nb-1 100nb-1 1 #‘1 10pb-'  100pb!

We are here ICHEP Goal Aim for 2010
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Expected/Observed, | nb*!

For | nb-! at 7 TeV, after acceptance, expect
8 W candidates and 0.8 Z candidates.

CMS Experiment at LHC, CERN

Run 133874, Event 21466935
' Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

Electron pr=35.6 GeV/c

Muon p=38.7 GeV/c
ME; = 36.9 GeV ME;=37.9 GeV e
My =71.1 GeV/c? Y M;=753 GeV/cz/—
'\ j
" = === \ //
3 1 \\\
- \\\
) l‘ 2 s
-
.

CMS Experiment at LHC, CERN
b Run 133875, Event 1228182
Lumi section: 16

—— | satApr242010,09:08:46 CEST
: |

W-=pv:

3 candidates found 3 candidates found

B —

*

‘

32
B —

32



Expected/Observed, | nb!

CMS Experiment at LHC, CERN

¢ i| Run 133877, Event 28405693
. || Lumi section: 387

|| Sat Apr 24 2010, 14:00:54 CEST

Electrons p;=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2

L ee;
one candidate found

\’#a S — T

, & ' Mass(ee) = 91.2 GeV/c?

Now we have >15 nb™! so things are moving...
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Early Physics:W— 4V

Pseudo-data
electrons 10 TeV muons
>1600 TTTTTTTT T NO B | | | | [ [ I L | 1l
S (ca : \s =10 TeV -
T 1200 hy N
~ Wi ey o 25001 —
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C 1000 ! ) B ]
0 4 M 2 20001~ MWy |5
Ll goo s _—dijets ... 5 " ]QcD — u X| 1
N +r|f ‘ﬁ — Y-J;iets o Z 15001 Mz =
600 # pa—.Y 106 . mw ]
N tlﬁ \ s Wty B -y i
400 %ﬂw} o td ] 1000~ ClttsuX |-
200:‘ f - 500~ -
0 10 20 30 40 50 60 70 80 90 100 —

0
0 20 40 60 80 100 120 140 160 180 200

£ (GeV) M, (GeV/c?)

Expect very clean W—{v distributions
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Early Physics: Z—«

Pseudo-data
|0 TeV
electrons muons

—_ ———T —r—r——r—y - r I
o CMS Preliminary , [Ldt = 10 pb” || CMS preliminary, L = 10 pb Lty
= . LI E Wapvw
© 0| we— dijets J1Z - ' 41 s | B OCD bkg
) — 11 Signal+Bkgd e 8 B Z>u
< .
— W+jets L“‘S
; 10 |- — \'./Z T g]O2 -
€ w— +jets 3 \s =10 TeV
-
UJ 10

] || | |l -

i

ey H

{
| 1
I il vl ]

40 60 80 100 120 140 40 60 80 100 120 140 ,
M. (GeV/cz) m, , (GeV/c?)

Z—U is our most important early calibration.
Significant samples expected very soon!
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Entries

Early Physics: Top quarks

Pseudo-data

« Pseudo data 10 TeV « Pseudo data
CMS Preliminary @ 10pb™ I 1 (signal) CMS Preliminary @ 10pb’ I 1t (signal)
11t (other) (7)) ] tt (othen)
0 W+Jets O - 3 Wlets
Bl Z+Jets :E 30 - Bl Z+Jets
10° [ QcD £ [ ocD

10°

10

1 2 3 4 >5
Jet Multiplicity M3 [GeV/c?]

With ~20 pb-! at 7 TeV expect to find hundreds of ttbar
events. Can use to help calibrate jet energy scale, b-tagging,
MET, and later test boosted top algorithms.



Progression of 7 TeV Run

Summer End of Fall
2010 2010 2011 )
~1pb’ ~100 pb™ ~1000 pb” =1 b’

* QCD, b measurements

« W, Z cross sections

* Electroweak program

* Early ttbar observation

 Early searches, mainly Exotica

* + top physics program
* + broad search program:
Mainly Exotica, SUSY

 + Higgs program
Early SM studies are critical for laying the foundation for searches.
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Cross Sections for SM Processes

Js

o(pb)
30000 - W + jets 180
25000 & 28000 pb NLO

20000

15000

10000

5000

|

|

|

|

=7 TeV
[t 165 pbNNLO

|

) r+ X
1 (z-chan)
63 pb NLO
| W wrw-
: 106pb 43 pb
r+X W7

(s-chan) |
4.6 pb

18 pb Z/
5.9 pb

=
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Recent 7 TeV BSM projections

Available on CMS information server CMS NOTE 2010/008

W\\g The Compact Muon Solenoid Experiment —
~~  CMS Note (¥
y 7

A \ Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

(" 5thMay2010 3

The CMS physics reach for searches at 7 TeV

The CMS Collaboration

Abstract

Some examples of the expected reach of CMS in terms of searches for new physics, for a proton-
proton centre-of-mass energy of 7 TeV, are shown. Integrated luminosities between 100 pb~* and 1
fb—! are considered. The prospects are preliminary, and based on existing studies at higher energies.

L —— S
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Rescaling 10 TeV to 7 TeV

Take 10 TeV results
for new particle
searches and simply
scale by expected

qq, gg luminosity
ratio.

(Ratio courtesy of
James Stirling)

1.0

o
o

luminosity ratio
o
o

O
N

0.0

©
~

[ ratios of parton luminosities
L at7 TeV LHC and 10 TeV LHC

[ MSTW2008NLO

10° 10°

40

40



Signal significance (o)

Early searches: ED in diphotons

EXO 09- 004 scaled to\/§ 7 TeV

10 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ] P N L L Y O I I I L I P S S S — T T T |
= ! ! ! M =2TeV,n =2 - 31 O * M,;=750GeV,k=0.03 |
of M, = = 2TeV,n = 4 5 . = M,=750GeV,k=004 | ]
- M;=2TeV,n =6 E O A M, =750GeV,k=0.06 |
af M;=25TeV,n, =2 3 S v M,=1000GeV,k =0.03| ||
N ] © M,=1000 GeV,k =0.05| i
: wozsTevn,ze | £ 8 !~ 1000 cev.-010| ]
7E . ev.n,= = % i A M, =1250 GeV,k=0.07| |
F 1 @ | ‘
RS WS 7 4 - Q.Ms__.E.rgl_l_.m.l._n_a.ry ___________ 2 C W s cevioong
n ' = c L |
=2
0p

0 100 200 300 400 500 600 700 800 500 400 600 800 100

f Lat (pb) Integrated Luminosity (pb™)

Searches for very high mass YY pairs in large extra
dimensions (ED) and Randall-Sundrum models
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'y
o

—h

Integrated luminosity (fb™

-
Q

Early searches: Z', ED—pp

c=0.01,0.02, 005 0.1

-
o
T

Integrated luminosity, fb!

CMS Preliminary
SBM-07-002, scaled to /s =7 TeV

CMS Preliminary
02, scaled to /s =7 TeV

E [ 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1
6 08 1 12 14 16 18 2 22 24 10 L1,
Z’ mass (TeV/c) 400

Il Il ‘
600

Il Il Il ‘
800

L L L ‘ L L L ‘ L L L ‘ L L L L L L
00 1200 1400 1600 1800 2000
Graviton mass, GeV/c?

10

Will beat Tevatron limits with | fb-!.



Early searches: b’

35_ EX0-09-012 scaling to 7 TeV
— 10 CMS preliminary
5 |~
= Lo
O
5,
7
0
2B
o
| -
O
Ne!
o
10"

300 350 400 450 500
b’ mass (GeV/c?)

With ~200 pb-' we expect to exceed Tevatron sensitivity
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Early searches: HSCP

CMS Preliminar

S [EX0-08-003 scaled fo\'s =7 Tev
51 03 U SOVt SUNUUURORRURRRE R 2
(@] C
> N
4 L
&)
0\01 02 TSN R S
9 E
5
158; 1Q et M s —
> -
£ f l Gluino
E L. £ ... ... _
3 1 -
: = Stop
RIS < N N A N
107°E | | | | E

100 200 300 400 500 600 700
Mass (GeV)

Heavy stable charged particles (formerly CHAMPS)
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Early searches: stopped gluinos

* Split SUSY: Large AM m;
b/w scalars & gluino

TT T T[T T T T[T T T T[T T T T [ TT T T [TTTT |||||||||||||||||
: : : : : : : L —10cnrs —

=130 days -
m_=100 GeV 7

-
o
b

~F— ~ %

§—=4q 4§ = qx

i [Gluino lifetime
i |—1us

i 1ms
{l—1n

i [---12n
fle--1d

* Look for delayed gluino
decays during periods of 6_ _________ 4444444444444 ,,,,,,,,,,,,,,, - ,,,,,,,,,,,,,, b

. Bo dlscovery

no beam including TeV _ CI\IISPreIImlnar a

EXO 09- 001 scaled tO\iE 7TeV i

A\V
A\

Significance

o
L
|

* inter-bunch gaps =

* no-beam periods

00 250 300 350 400 450 500 550 600 650 700
m. (GeV)

e Result from 30 days
running at 1032 cm%s!
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Benchmark SUSY v. SM cross sections

o(pb) _
180 [ ff 165 pb NNLO
160

%

140 -

120 - t+ X Low mass SUSY

-chan he Ark poi
100 -
63 pb NLO |
. W wrwe "LMO \
60 10.6 43 pb
pb 4P 39 pb
I T Z\

40 - LMI1 LM3 M9

49 pb 34 pb 7.1pb

(s-chan)

20 - 4.6 pb

O —J
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“Classic” all-jets search: ® 3 or more jets, Er > 50 GeV

m,,, (GeV)

HbAh O
©c O O
o O O

250
200
150
100

0

SUSY: Jets + missing Et

* missing Er > 250 GeV
* no leptons

CMS preliminary

\'s=7 TeV T
Hadronic search, 95% C.L. curves —

tan=10, A =0,11>0

100 200 300 400 500 600 700 800 900 1000

' B CDF g,4, 2fb", tanp=5, u<0

~. | O rep2 &

1 D0 g,q, 21fb", tanB=3, u<0
I LEP2 g,

~

Q
[
S
%
j

\\

I‘IIH‘H

I IIII‘III

m, (GeV)
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m,,, (GeV/c?)

SUSY: like-sign dileptons

500
CMS PreliminaryN's = 7 TeV
L Observe 1 event in 100 pb™”
450
[ Observe 4 event in 1 fb™
[ B COF Preliminary 31 (3.2 b
400 -
- B Do observed limit (2.3 fb™)
[ Sy LEP excluded regions
350 p
mSugra: tanf} = 3, Ao =0,(L)>0
300
250 I fl) I
5
=
200 ;'

0.1 fb-!

150 |
.«»\*aath\~‘-‘~‘~\

100 Sl

//m

0 100 200 300 400 500 600 700 800 900 1000

m, m, (GeV/c?)

Very soon the
LHC will
surpass the
Tevatron in
the search for

SUSY
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Standard Model Higgs: WW—202V

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010

H—- WW [ee, ey, upu] — 95% CL exclusion: mean
] I 95% CL exclusion: 68% band

95% CL exclusion: 95% band
------ 95% CL exclusion: mean (no sys)

= Oggo,cL /Ogm
—
o
|

0 150 200
Higgs mass, m  [GeV/c 7]

High mass has greater sensitivity. Yet no discovery of
SM Higgs in 7 TeV run. With | fb™!, similar to Tevatron.
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Standard Model Higgs: ZZ—4{

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010

HoZZ [de, 4u, 2e2u]

— 95% CL exclusion: mean
I 95% CL exclusion: 68% band

95% CL exclusion: 95% band
95% CL'echusion: mean (nol sys) .

200 400 600
Higgs mass, m  [GeV/c ]

H— ZZ has sensitivity going to much higher masses.
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Standard Model Higgs: H—YY

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010
= ]
m —
b 147 H— yy [no photon categories]
-, ]
£ 127
ol . — 95% CL exclusion: mean
n 104 171 95% CL exclusion: 68% band
. 1 95% CL exclusion: 95% band
8 1 e 95% CL exclusion: mean (no sys)
6]
4-
2-
+——
100 120 140 160

Higgs mass, m _ [GeVi/c 7]

No exclusion of low mass SM Higgs
anticipated in with | fb-! at 7 TeV.
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80

tanf

70
60
50
40
30

20 =

10

Di-tau sensitivity for H/A will soon exceed Tevatron.

MSSM Higgs

CMS Preliminary: projection for 7 TeV, 1 " Mar 22 2010

, max, u=+200 GeV

bb®,® > 1T [1,T,.0 TeThag TuTel

— 95% CL exclusion: mean
N 95% CL exclusion: 68% band
95% CL exclusion: 95% band

oooooo 5 ¢ discovery
L l  J L) Ll v

"~ 7300 400 500
m, [GeV/c?]
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Expected Luminosity in Coming Years

2010 6 35 25 7el0 1.0e32 - 0.1
2011 9 35 25 Qell 720 2.0e32 0.1 1 i
2012

2013 6 65 1 9e10 720 9e32 0.45 2.7 3.8
2014 9 65 1 9e10 1404  1.7e33 0.6 5.3 9.1
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CMS Physics Public Results...

® Underlying Event in proton-proton collisions at

Vs = 900 GeV (published)

® Measurement of Bose-Einstein Correlations with
first CMS data (submitted to journal)

® Two-particle correlations and cluster properties
from two-particle angular correlations

® Transverse-momentum and pseudorapidity
distributions of charged hadrons (submitted)

® Muon charge asymmetry in cosmic data
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New: Muon Charge Asymmetry

® Cosmic data from ’06,°08, ’09: first measurement of

a physical quantity from CMS.

® Results agree with other expts; provided useful
alignment and calibration experience.

CMS 2006-2008 preliminary

IR=Ny/Ny.- |

1,8 T T T T 11171

1.6

p (GeV/c)

CMS 2006-2008 preliminary
1.8

1.6

4 | —- CMS Fit

- —4- CMS ]
[ —— MINOS

| 4 Utah

| —+- OPERA

L - L3+C

- ---- Schreiner et al

PIETEToe
WS,

L1l 1 | I 1 L 1 1

10°
p - cosB, (GeV/c)
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(p,) [GeV/c]

® Rise of particle density stronger than current models.

0.6

o
[4))
o

e
3

New: Charged Hadrons

® prt and N distns of charged hadrons at 7 TeV:
Important in understanding isolation in events.

|

(a)

ISR inel.
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— - Troshin et. al.
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Integrated luminosity: update today!

CMS: Integrated Luminosity 2010

L nb"

18

Delivered 18.76 nb"™"
16

1 Recorded 17.09 nb™"

12

10

8

6

4

2

III|IlllIII|III|III|III|III|III|III|III

30/09 10: 10 10/04 14 54 21/04 19:38 03/05 00: 22 14105 05: 05 25/05 09:49
Date

Last night’s store almost doubled our
delivered dataset... Data are starting to
come at a faster pace!
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No longer just a sketch...

A TR

LA e ey

0,

@

CMS technical proposal in style of Leonardo da Vinci
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Look for the Revolution to come!

John the Baptist

-daVinci
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